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VEHICLE

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application No.
2018-235715 filed on Dec. 17, 2018 including the specifi-
cation, drawings and abstract is incorporated herein by
reference in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a vehicle of which
all the wheels can be steered, particularly to a vehicle
equipped with a device that can steer all the wheels so as to
cause the vehicle to travel laterally or rotate on the spot.

2. Description of Related Art

[0003] Common four-wheel vehicles are configured such
that steering wheels (usually front wheels) supported by a
suspension are steered by a steering linkage. Since the
steering wheels when steered may interfere with the steering
linkage etc., the steering angles of the steering wheels are
mechanically limited. In contrast, for example, the small
vehicle described in Japanese Patent Application Publication
No. 2012-232713 includes a steering actuator for each
wheel, and is configured to allow each wheel to be steered
to about 90 degrees or larger angles. Equipped with such a
special steering device, this type of vehicle can travel
laterally with all the wheels steered to 90 degrees relative to
the front-rear direction of the vehicle. Moreover, when four
wheels are disposed at positions corresponding to four
corners of a square, steering the left front wheel and the right
rear wheel to 45 degrees rightward (clockwise) as seen from
above the vehicle, and steering the right front wheel and the
left rear wheel to 45 degrees leftward (counterclockwise) as
seen from above the vehicle, can set an instantaneous center
of motion of the rotating wheels at a central portion of the
vehicle body, which allows the vehicle to rotate around this
instantaneous center (perform a so-called on-the-spot rota-
tion). Simply put, the steering angle of a wheel when the
vehicle rotates on the spot is an angle at which the wheel
orthogonally intersects a line connecting the center of rota-
tion and the center of the wheel to each other.

SUMMARY

[0004] Common or most vehicles are vehicles having front
wheels as steering wheels, and travel in a straight line (travel
straight) in the front-rear direction thereof. To change the
direction of travel, these vehicles turn (make a circular
motion) around a point of intersection between a line that is
drawn perpendicularly from a grounded point of the steered
front wheel to a plane of rotation of the front wheel and a
line that is extended from the axle of the rear wheel. The
structures of roads, parking lots, etc. and traffic rules are
built on the assumption of such a manner of traveling of
vehicles, and of course, not only drivers but also pedestrians
are accustomed to such a manner of traveling of vehicles and
act accordingly.

[0005] Therefore, behaviors of a vehicle such as a lateral
travel, on-the-spot rotation, and straight travel in an oblique
direction (oblique travel) described above are unpredictable
to drivers and passengers of surrounding vehicles or pedes-
trians. Smooth and safe operation of vehicles is realized by
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vehicles and pedestrians moving in a coordinated manner,
which is premised on the assumption that the movement of
each vehicle and each pedestrian is predictable. To this end,
vehicles are equipped with direction indicators (right and
left blinkers), backup lights, hazard lights, etc., and it is
usual practice for a driver to let those around the vehicle
know about the behavior of the vehicle by manipulating
these devices.

[0006] However, travels or behaviors such as a lateral
travel, on-the-spot rotation, and straight travel in an oblique
direction described above are those that a vehicle having
either front or rear wheels as steering wheels cannot per-
form. This means that even when the driver of such a special
vehicle turns on the direction indicator, behaviors such as a
lateral travel, on-the-spot rotation, and oblique straight
travel are still unpredictable to nearby vehicles, including
oncoming vehicles and vehicles traveling side by side with
the special vehicle. Therefore, even when the drivers of the
nearby vehicles, on seeing the direction indicator etc.,
manipulate their vehicles so as to avoid collision, this
collision-avoiding manipulation may not be adapted for a
lateral travel, on-the-spot rotation, oblique straight travel,
etc. Then, those vehicles would rapidly approach the special
vehicle or the drivers of those vehicles would have to apply
the brakes suddenly, which could consequently hinder
smooth and safe operation of vehicles on the road. More-
over, since a lateral movement, on-the-spot rotation, oblique
straight travel, etc. are movements that are unpredictable to
pedestrians, such travels or behaviors could surprise or
frighten pedestrians.

[0007] The present disclosure provides a vehicle equipped
with a special steering device that allows the vehicle to
perform so-called special travels, such as a lateral travel and
an on-the-spot rotation, and capable of ensuring smooth and
safe operation of vehicles even when traveling among other
vehicles that have either front or rear wheels as steering
wheels.

[0008] A vehicle according to one aspect of the present
disclosure includes a plurality of wheels, a steering device,
and a direction indication system. The wheels are mounted
to a vehicle body and configured to be grounded. The
steering device is configured to steer the wheels to such a
steering angle that the vehicle travels straight in a front-rear
direction of the vehicle, and additionally to steer the wheels
at least either to such a first steering angle that the vehicle
travels straight in a direction intersecting the front-rear
direction or to such a second steering angle that the vehicle
rotates around a vertical axis passing through a central
portion of the vehicle body. The direction indication system
is configured to, when the steering device steers the wheels
to either the first steering angle or the second steering angle,
indicate toward the outside of the vehicle body that the
vehicle is going to travel straight in a direction intersecting
the front-rear direction or that the vehicle is going to rotate
around the vertical axis passing through the central portion
of the vehicle body.

[0009] In the vehicle according to one aspect of the
present disclosure, the direction indication system may
include a detection unit that detects that the steering device
steers the wheels to the first steering angle or the second
steering angle, and an indication unit that optically or
acoustically indicates to those around the vehicle body that
the vehicle is going to travel straight in a direction inter-
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secting the front-rear direction or that the vehicle is going to
rotate around the vertical axis passing through the central
portion of the vehicle body.

[0010] In the vehicle according to one aspect of the
present disclosure, the steering device may be configured to
rotate each of the wheels around a rotational central axis to
the first steering angle or the second steering angle. The
detection unit may be configured to detect that the wheels
are steered to the first steering angle or the second steering
angle, based on rotation angles of the wheels rotated around
the rotational central axis.

[0011] The vehicle according to one aspect of the present
disclosure may further include a manipulation unit that is
manipulated by a driver to output a signal ordering the
steering device to steer the wheels to the first steering angle
or the second steering angle. The detection unit may be
configured to detect that the steering device steers the
wheels to the first steering angle or the second steering
angle, based on the manipulation unit having been manipu-
lated and output the signal.

[0012] The vehicle according to one aspect of the present
disclosure may further include a wheelhouse that covers at
least the upper side of the wheel. The wheelhouse may be
configured such that when the steering device steers the
wheel to the first steering angle or the second steering angle,
the wheel partially protrudes from the wheelhouse to the
outside of the vehicle body. The detection unit may be
configured to detect that the steering device steers the wheel
to the first steering angle or the second steering angle, based
on the wheel having partially protruded from the wheel-
house to the outside of the vehicle body.

[0013] In the vehicle according to one aspect of the
present disclosure, the indication unit may include a light
emitter that emits visible light to the wheels when the
detection unit has detected that the steering device steers the
wheels to the first steering angle or the second steering
angle.

[0014] In the vehicle according to one aspect of the
present disclosure, the indication unit may include blinkers
that are provided on right and left sides of the vehicle body
and configured to flash when the vehicle is going to travel in
a direction different from that when the vehicle travels
straight forward. The indication unit may be configured to
control the blinkers such that an aspect of flashing of the
blinkers when the vehicle is going to turn in an arcuate line
around a center of turning that is set outside the vehicle
body, and an aspect of flashing of the blinkers when the
vehicle is going to travel straight in a direction intersecting
the front-rear direction or when the vehicle is going to rotate
around the vertical axis passing through the central portion
of the vehicle body, are different from each other.

[0015] In the vehicle according to one aspect of the
present disclosure, the blinkers may be sequential blinkers in
each of which a plurality of flashing parts is arranged in a
straight line or a curved line and the flashing parts flash in
predetermined order. The aspect of flashing of the blinkers
may include the order of flashing of the flashing parts.
[0016] In the vehicle according to one aspect of the
present disclosure, the indication unit may include a display
part that displays, on an outer surface of the vehicle body, a
text or an image representing a direction in which the vehicle
is going to travel as a result of the steering device having
steered the wheels to the first steering angle or the second
steering angle.
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[0017] When the vehicle according to the present disclo-
sure is going to behave differently from when only the front
wheels or the rear wheels are steered, such as when the
vehicle is going to travel in a lateral direction, travel straight
in an oblique direction, or rotate on the spot, the direction
indication system can let those around the vehicle know
about such a special behavior or travel. Thus, this vehicle
allows the drivers of other vehicles or pedestrians nearby to
predict the direction of travel of the vehicle, and can
ultimately contribute to smooth and safe operation of
vehicles on the road.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features, advantages, and technical and industrial
significance of exemplary embodiments of the disclosure
will be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and
wherein:

[0019] FIG. 1 is a schematic view of a vehicle in an
embodiment of the present disclosure;

[0020] FIG. 2 is a schematic view showing a driving unit
and a steering device for one wheel;

[0021] FIG. 3 is a skeleton diagram showing an example
of the mechanism inside the steering device;

[0022] FIG. 4 is a view showing an example of the
arrangement of LEDs in sequential blinkers;

[0023] FIG. 5is a view showing a state of steering of each
wheel when the vehicle travels laterally;

[0024] FIG. 6 is a view showing a state of steering of each
wheel when the vehicle rotates on the spot;

[0025] FIG. 7 is a view showing a state of steering of each
wheel when the vehicle travels obliquely; and

[0026] FIG. 8 is a partial perspective view schematically
showing a state of the wheel protruding from a wheelhouse.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] A vehicle 1 in an embodiment of the present
disclosure is a vehicle capable of traveling straight in a
lateral direction orthogonal to a front-rear direction thereof
or in a direction intersecting with the front-rear direction at
a predetermined angle, as well as of rotating without moving
in the front-rear direction or the lateral direction. To achieve
this, as shown in FIG. 1, the vehicle 1 includes steering
devices 4 that can steer all wheels 3 mounted to a vehicle
body 2 to an equal angle. Here, along the front-rear direction
of the vehicle, a direction which a driver faces in a state of
sitting on a seat (neither the driver nor the seat is shown) is
a forward direction, and the opposite direction is a backward
direction. Hereinafter, a travel in a direction orthogonal to
the front-rear direction of the vehicle will be referred to as
a “lateral travel.” A straight travel in a direction intersecting
the front-rear direction of the vehicle at a predetermined
angle is a travel in which the vehicle travels in a straight line,
i.e., such that the vehicle body 2 has a straight motion
trajectory, in a direction oblique to the vehicle body 2, with
the vehicle body 2 kept oriented in the front-rear direction,
and this travel will be hereinafter referred to as an “oblique
travel.” Further, a behavior of rotating without the vehicle
body 2 moving in the front-rear direction or the lateral
direction is a rotation around a vertical axis (an axis per-
pendicular to a road surface) passing through a predeter-
mined portion of the vehicle body 2, and this rotation will be
hereinafter referred to as an “on-the-spot rotation.” As
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shown in FIG. 1, in the vehicle 1 having four wheels 3, the
center of an on-the-spot rotation is located at the position of
the geometric center of gravity of the four wheels 3, more
specifically at a point of intersection between lines each
connecting diagonally opposite wheels 3 to each other.
[0028] The steering device 4 provided for each wheel 3 is
configured to be capable of steering the wheel 3 to at least
90 degrees to allow for a lateral travel, oblique travel, and
on-the-spot rotation described above. Here, a steering angle
is an angle to which the wheel 3 is steered from a direction
orthogonal to an axis passing through the center of the wheel
3 in a width direction of the vehicle 1, i.e., from the
front-rear direction of the vehicle. For example, the direction
of steering of the right front wheel and the left rear wheel is
leftward (a counterclockwise direction) in a top-down view
of'the vehicle body 2, and that of the right rear wheel and the
left front wheel is rightward (a clockwise direction) in a
top-down view of the vehicle body 2. The steerable angle
may be 90 degrees in each of the counterclockwise direction
and the clockwise direction, and thus 180 degrees in total.
[0029] Since the steering angle is set to such a large angle,
or to allow for such a large steering angle, a driving unit 5
including a driving mechanism and a braking mechanism are
provided for each wheel 3. Thus, the vehicle 1 in this
embodiment of the present disclosure can be called a type of
in-wheel motor vehicle IWM). FIG. 2 is a schematic view
illustrating an example of the driving unit 5 and the steering
device 4. Inside a casing 6 of the driving unit 5, a motor 7
that outputs torque for traveling, a speed reducing mecha-
nism 9 that amplifies the torque of the motor 7 and transmits
the amplified torque to an output shaft 8, and a braking
mechanism 10 are housed. To regenerate energy during
deceleration, the motor 7 is formed by a motor-generator
having an electricity generating function, such as a perma-
nent-magnet synchronous electric motor. The speed reduc-
ing mechanism 9 is provided to downsize the motor 7, i.e.,
to make it possible to use a low-torque high-speed motor,
and for example, a planetary-gear speed reducing mecha-
nism that can be disposed coaxially with the motor 7 is
adopted as the speed reducing mechanism 9. Such a speed
reducing mechanism can be fixed by coupling the sun gear
to the motor 7, the carrier to the output shaft 8, and the ring
gear to a predetermined fixing part. Alternatively, the speed
reducing mechanism 9 may be a so-called multi-shaft speed
reducer with a plurality of gears meshing with one another.
[0030] The braking mechanism 10 may be any mechanism
that can apply torque to the output shaft 8 in a direction of
stopping the rotation of the output shaft 8, and one example
is a friction brake. In the example shown in FIG. 2, the
braking mechanism 10 is configured to prevent the rotation
of the output shaft 8 through frictional force by clamping a
disc 11, mounted on the output shaft 8, with a caliper 12. An
actuator that drives the caliper 12 may be a hydraulic
actuator, but an electromagnetic actuator may also be used.
Adopting an electromagnetic actuator can reduce the num-
ber of members interfering with the wheel 3 and also
simplify the configuration.

[0031] Ina state of being rotatably supported on the casing
6 through a bearing 13, the output shaft 8 protrudes from the
casing 6. A wheel hub 14 is provided at a protruding leading
end of the output shaft 8, and a tire 15 is mounted to the
wheel hub 14.

[0032] The driving unit 5 is mounted to the steering device
4, and the steering device 4 is mounted to the vehicle body
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2 through a suspension arm 16. Thus, the driving unit 5 is
supported by the vehicle body 2, and the wheel 3 is mounted
to the vehicle body 2. A bracket extending on an upper side
of the tire 15 is integrated with the casing 6 of the driving
unit 5, and the steering device 4 is mounted at an upper end
of this bracket. As described above, the steering device 4 is
configured to be capable of steering the wheel 3 to about 90
degrees or about 180 degrees. One example of this configu-
ration is schematically shown in FIG. 3.

[0033] The steering device 4 has a tubular casing 17, and
the casing 17 is mounted to the suspension arm 16 such that
a central axis L of the casing 17 is oriented substantially in
a vertical direction and passes through a center of rotation of
the wheel 3. Inside the casing 17, a steering motor 18 and a
speed reducing mechanism 19 are disposed one above the
other on the central axis L so as to face downward.

[0034] The motor 18 may be any motor that can output
torque required to steer the wheel 3. It is preferable that the
motor 18 be a low-speed high-torque motor and, to reduce
the unsprung mass, be a motor having as small a weight per
unit output torque as possible. The speed reducing mecha-
nism 19 is a mechanism that amplifies the torque output by
the motor 18, and can be formed by a planetary gear
mechanism as with the speed reducing mechanism 9 of the
driving unit 5. In the example shown in FIG. 3, a sun gear
19S is coupled to an output shaft of the motor 18, a carrier
19C is coupled to a steering shaft 20, and a ring gear 19R is
mounted to the casing 17. Moreover, the driving unit 5 is
coupled to a lower surface of the casing 17 through a thrust
bearing 21, and the steering shaft 20 is coupled to the driving
unit 5.

[0035] Thus, the steering device 4 is configured such that,
as the motor 18 rotates, the driving unit 5 rotates along with
the steering shaft 20, causing the wheel 3 to rotate around the
central axis [ of the steering device 4 as the rotational
central axis. Specifically, the center of steering of the wheel
3 is the central axis L, and the central axis L is set so as to
pass through the center of rotation of the wheel 3, so that the
wheel 3 rotates around the two axes, one being the central
axis of the output shaft 8 of the driving unit 5 and the other
being the central axis L of the steering device 4. Since the
steering device 4 is a device that steers the wheel 3 to a target
angle, it is preferable that the steering device 4 be provided
with a sensor (not shown) that detects a steering angle and
configured to control the rotation angle of the motor 18 or
the driving unit 5 by using a detection angle of this sensor
as a feedback signal.

[0036] The wheel 3 mounted to the driving unit 5 is
located inside a wheelhouse 22 that is provided as part of the
vehicle body 2. The wheelhouse 22 is a partition wall that
separates a region where the wheel 3 is disposed and an
inside of the vehicle body 2 from each other, and covers an
outer circumferential side (especially an upper side) of the
wheel 3. The wheelhouse 22 has such a size that the wheel
3 fits inside the wheelhouse 22 when the vehicle 1 performs
a so-called normal travel of traveling in an arcuate line with
two wheels of either the front wheels or the rear wheels
steered, but that the wheel 3 partially protrudes from the
vehicle body 2 toward an outer side when the wheel 3 is
steered to an extent enough to perform a special travel, such
as a lateral travel or an oblique travel.

[0037] The driving unit 5 is electrically connected to a
driving power supply unit 23, and the steering device 4 is
electrically connected to a steering power supply unit 24.
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The power supply units 23, 24 include electricity storage
devices, such as batteries, and controllers, such as inverters
or converters (none is shown). Alternatively, the power
supply units 23, 24 may share a single electricity storage
device. An electronic control unit (ECU) 25 that controls the
driving unit 5 and the steering device 4 through the power
supply units 23, 24 is provided.

[0038] The ECU 25 is configured with a microcomputer as
a main component, and is configured to perform computa-
tions by using data input into the ECU 25 or data stored
therein in advance and output the result of computations as
a control command signal. For example, the ECU 25 con-
trols driving torque of the motor 7 in the driving unit 5 based
on an acceleration request, and controls regenerative torque
of the motor 7 or braking force of the braking mechanism 10
in the driving unit 5 based on a braking request. With respect
to the steering device 4, the ECU 25 controls steering of the
wheels 3 according to a steering angle of a steering wheel
26, controls directional indication based on a signal output
as a lever 27 provided on a steering column is manipulated,
and controls steering of each wheel 3 to a direction and an
angle different from the steering angle during a normal travel
based on an output signal of a selection switch 28 intended
for special travels.

[0039] The selection switch 28 may be a switch configured
such that one of a lateral travel, an oblique travel with the
angle thereof, and an on-the-spot rotation is selected by a
single knob or lever, or may be switches provided for the
respective forms of travel or behavior. In either case, the
selection switch 28 is preferably a switch that outputs a
signal by being manipulated by a driver. FIG. 1 shows an
example of a configuration in which the form of travel or
behavior is selected by a rotary selection switch 28. When
the selection switch 28 is rotated 90 degrees leftward from
a neutral position, a signal for a leftward lateral travel is
output, and when the selection switch 28 is rotated 90
degrees rightward, a signal for a rightward lateral travel is
output. When the selection switch 28 is rotated within the
range of these angles, a signal that causes the vehicle 1 to
travel obliquely in the direction of the angle selected by
rotating the selection switch 28 is output. The selection
switch 28 can also be pushed, and when the selection switch
28 is pushed, a signal for an on-the-spot rotation is output.
In the case of a self-driving vehicle, the selection switch 28
may be a switch (a switch in a control program) that outputs
a signal based on a result of determination by a self-driving
system.

[0040] Here, examples of signals input from sensors (not
shown) into the ECU 25 include: a steering angle of the
steering wheel 26; a direction indicating signal output as the
lever 27 is manipulated; a special steering signal from the
selection switch 28; an accelerator operation amount show-
ing a driving request; and a brake signal showing a braking
request. Sensors that output these input signals to the ECU
25 can be regarded as the detection unit in the embodiment
of the present disclosure.

[0041] In this embodiment of the present disclosure, steer-
ing the steering wheel 26 can steer, for example, the front
wheels 3 according to the steering angle of the steering
wheel 26 and thereby cause the vehicle 1 to turn. Steering of
the front wheels 3 is controlled as the ECU 25 controls the
steering angles to which the front wheels 3 are steered by the
steering devices 4. In addition, steering the wheels 3 indi-
vidually and to larger steering angles can cause the vehicle

Jun. 18, 2020

1 to perform a special travel or exhibit a special behavior
compared with those of common vehicles. The vehicle 1
includes a direction indication system that indicates toward
those around the vehicle 1 (toward the outside of the vehicle
body 2) that the vehicle 1 is going to perform such a
so-called special travel. The direction indication system in
this embodiment of the present disclosure is configured with
the above-described detection unit and an indication unit to
be described below as main components.

[0042] The indication unit is formed by a functional
member that optically or acoustically displays or expresses
a special travel of the vehicle 1 toward those around the
vehicle 1. Examples of the indication unit include blinkers
29 that flash and brake lights 30 that are provided at a rear
part of the vehicle body 2. Backup lights that go on when the
vehicle 1 moves backward can also be included in the
indication unit.

[0043] The blinker 29 may be a blinker having a configu-
ration in which a single light emitter flashes repeatedly, but
is preferably a sequential blinker having a configuration in
which a plurality of light emitters (LEDs) that is flashing
parts is arranged in a line, such as a straight line or a curved
line, and the order of flashing of these LEDs can be
appropriately changed. The blinkers 29 are provided on right
and left sides of a front surface of the vehicle body 2 and on
right and left sides of a rear surface of the vehicle body 2.
Flashing of the blinkers 29 is controlled by the ECU 25. FIG.
4 schematically shows an example of a configuration, as
seen from the front side of the vehicle 1, in which a right
blinker 29R and a left blinker 29L provided on a front
surface side of the vehicle body 2 each have four LEDs
arranged in a row in the vehicle width direction. The LEDs
in the left and right blinkers 291, 29R are arranged in the
order of L1, 1.2, L3, L4 and R1, R2, R3, R4 from a central
side toward an outer side in the vehicle width direction. In
the case of a normal travel in which the steering wheel 26 is
steered to turn the vehicle 1, when a command for a right
turn is given by the lever 27, the LEDs of the right blinker
29R flash repeatedly by going on and off in the order of R1,
R2, R3, R4 from the inner side toward the outer side in the
vehicle width direction. When a command for a left turn is
given by the lever 27, the LEDs of the left blinker 291 flash
repeatedly by going on and off in the order of L1, 1.2, L3,
L4 from the inner side toward the outer side in the vehicle
width direction. The blinkers 29 provided at the rear part of
the vehicle body 2 flash in the same manner. (A first aspect
of flashing of the blinkers (29).)

[0044] Described below are examples of special travels,
and control of indicating these special travels to those
around the vehicle by using the blinkers 29 as the indication
unit, in this embodiment of the present disclosure. When a
rightward or leftward lateral travel is selected by the selec-
tion switch 28 as opposed to a so-called normal travel, a
right front wheel 3FR and a left rear wheel 3RL are rotated
90 degrees leftward (in the counterclockwise direction),
while a left front wheel 3FL and a right rear wheel 3RR are
rotated 90 degrees rightward (in the clockwise direction).
Here, the rotation direction is a rotation direction as seen in
a top-down view of the vehicle body 2. This state is
schematically shown in FIG. 5. When all the wheels 3FL,
3FR, 3RL, 3RR are driven in the same direction in this state,
the vehicle 1 travels laterally rightward or leftward. The
steering angle in this case can be regarded as the first
steering angle in this embodiment of the present disclosure.
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[0045] When the vehicle 1 is going to travel laterally
rightward, the LEDs of the left blinker 29L. go on in the order
of L4, L3, .2, L1 from left to right, i.e., from the outer side
toward the inner side, and subsequently the LEDs of the
right blinker 29R go on in the order of R1, R2, R3, R4 from
left to right, i.e., from the inner side toward the outer side.
The LEDs having gone on go off in the same order in which
these LEDs have gone on. Thus, as seen from the front side
of the vehicle 1, all the LEDs go on and then go off
sequentially from right to left. Similarly, when the vehicle 1
is going to travel laterally leftward, the LEDs of the right
blinker 29R go on in the order of R4, R3, R2, R1 from right
to left, i.e., from the outer side toward the inner side, and
subsequently the LEDs of the left blinker 291. go on in the
order of L1, 1.2, 1.3, L4 from right to left, i.e., from the inner
side toward the outer side. The LEDs having gone on go off
in the same order in which these LEDs have gone on. Thus,
as seen from the front side of the vehicle 1, all the LEDs go
on and then go off sequentially from left to right. (A second
aspect of flashing of the blinkers (29).)

[0046] Thus, the aspect of flashing of the blinkers 29 when
the vehicle 1 is going to travel laterally is different from that
when the vehicle 1 is going to turn, and shows a direction.
It is therefore possible to let the drivers of other vehicles or
pedestrians around the vehicle 1 know about a lateral travel
the vehicle 1 is going to perform and the direction thereof,
and to allow them to recognize the situation as such.
[0047] When the selection switch 28 is pushed to cause the
vehicle 1 to rotate on the spot, the right front wheel 3FR and
the left rear wheel 3RL are rotated 45 degrees leftward,
while the left front wheel 3FL and the right rear wheel 3RR
are rotated 45 degrees rightward. The example being
described here is an example in which all the four wheels are
disposed at regular intervals on a circumference of a pre-
determined radius. This state is schematically shown in FIG.
6. When all the wheels 3FL, 3FR, 3RL, 3RR on the
circumference are driven in the same direction in this state,
the vehicle 1 rotates rightward or leftward around a vertical
axis Lo passing through a central portion of the vehicle body
2. The steering angle in this case can be regarded as the
second steering angle in this embodiment of the present
disclosure.

[0048] When the vehicle 1 is going to perform such a
so-called on-the-spot rotation, the LEDs of the right blinker
29R and the LEDs of the left blinker 291, go on and then go
off at the same time sequentially from the inner side toward
the outer side in the vehicle width direction. Or conversely,
these LEDs go on and then go off sequentially from the outer
side toward the inner side in the vehicle width direction. In
the case of an on-the-spot rotation, the vehicle 1 does not
move in any of the forward, backward, leftward and right-
ward directions, so that a form of display that allows for
recognition of a direction need not be used. (The second
aspect of flashing of the blinkers (29).)

[0049] Thus, the aspect of flashing of the blinkers 29 when
the vehicle 1 is going to perform an on-the-spot rotation is
different from that when the vehicle 1 is going to turn or that
for showing a hazard state. It is therefore possible to let the
drivers of other vehicles or pedestrians around the vehicle 1
know that the vehicle 1 is going to rotate on the spot, and to
allow them to recognize the situation as such.

[0050] Moreover, when the selection switch 28 is rotated
an angle smaller than 90 degrees from the neutral position to
cause the vehicle 1 to travel obliquely, the four front and rear
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wheels 3FL, 3FR, 3RL, 3RR are rotated rightward or
leftward according to the direction and the angle specified
by the selection switch 28. This state is schematically shown
in FIG. 7. When all the wheels 3FL, 3FR, 3RL, 3RR are
driven in the same direction in this state, the vehicle 1 travels
straight in the direction that the wheels 3FL, 3FR, 3RL, 3RR
face. When this oblique travel is a rightward oblique travel,
the two outer LEDs (R3, R4) of the right blinker 29R and the
two inner LEDs (L1, L.2) of the left blinker 291 flash, with
the order of flashing being from left to right. When this
oblique travel is a leftward oblique travel, the two outer
LEDs (L3, L4) of the left blinker 291 and the two inner
LEDs (R1, R2) of the right blinker 29R flash, with the order
of flashing being from right to left. (The second aspect of
flashing of the blinkers (29).) The steering angle in this case
can be regarded as the first steering angle in this embodiment
of the present disclosure.

[0051] Thus, the aspect of flashing of the blinkers 29 when
the vehicle 1 is going to travel obliquely is different from
that when the vehicle 1 is going to turn, and shows a
direction. It is therefore possible to let the drivers of other
vehicles or pedestrians around the vehicle 1 know about an
oblique travel the vehicle 1 is going to perform and the
direction thereof, and to allow them to recognize the situa-
tion as such.

[0052] The indication unit in this embodiment of the
present disclosure is not limited to the configuration using
the blinkers 29. Another example of the indication unit is
schematically shown in FIG. 8. The example shown here is
an example of a configuration in which the direction of the
wheel 3 is used to indicate that the wheel 3 is steered to a
large angle and that therefore the vehicle 1 is going to
perform a special travel, such as a lateral travel. Specifically,
an LED lamp 31 as a light emitter that emits visible light is
mounted inside the wheelhouse 22. The LED lamp 31 is
configured to go on or flash when a rightward or leftward
lateral travel or an oblique travel is selected by the selection
switch 28, or when the rotation angle around the central axis
L, i.e., the steering angle, of the wheel 3 becomes equal to
or larger than a predetermined angle that is set in advance.
The LED lamps 31 for all the four wheels may emit visible
light to the wheels 3 by going on or flashing, or only the
LED lamps 31 for those wheels 3 that are located in the
direction of travel of the vehicle 1 may do so. The form of
light emission of the LED lamp 31, such as the speed and the
illuminance of flashing, may be different between the LED
lamps 31 for the wheels 3 located on the front side in the
direction of travel and the LED lamps 31 for the wheels 3
located on the rear side in the direction of travel. It is
therefore possible to let the drivers of other vehicles or
pedestrians around the vehicle 1 know that the vehicle 1 is
going to travel laterally or obliquely or rotate on the spot by
visually recognizing that the directions of the wheels 3 of the
vehicle 1 are different from those in a normal travel.
[0053] When the vehicle 1 thus performs a so-called
special travel, the wheel 3 may partially protrude from the
wheelhouse 22. Thus, another configuration may be adopted
in which a detection unit, such as a touch sensor, that detects
that the wheel 3 has partially protruded from the wheelhouse
22 is provided, and the indication unit, such as the blinkers
29 or the LED lamps 31, is activated based on a signal from
this detection unit.

[0054] The detection unit in this embodiment of the pres-
ent disclosure is configured to output a signal upon detecting
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that some part of the vehicle 1 has shifted into a state for
performing a so-called special travel. Therefore, the detec-
tion unit in this embodiment of the present disclosure can
have an appropriate configuration as necessary. For
example, other than the sensor that detects the steering angle
to which the wheel 3 is steered by the steering device 4, the
selection switch 28 as the manipulation unit, and the touch
sensor provided in the wheelhouse 22, the detection unit
may include a detector that processes an image of the wheel
3 and outputs a signal showing the steering state of the wheel
3. The indication unit in this embodiment of the present
disclosure is not limited to the configuration that uses LEDs,
such as the blinkers 29. The indication unit may be an image
display (i.e., the display unit in this embodiment of the
present disclosure), such as an overhead display, that dis-
plays images or texts on a liquid crystal panel or a glass
provided on a surface of the vehicle body 2. Moreover, a
configuration in which voice is used for indication other than
these optical means, or a configuration combining optical
means and acoustic means may be adopted.

[0055] How to steer the wheels 3 to cause the vehicle 1 to
travel laterally or rotate on the spot will be described here.
The vehicle 1 has the configuration in which each wheel 3
has two axes as rotational axes, and when steered, each
wheel 3 is steered around a central portion of the wheel 3.
Thus, the wheels 3 can be rotated in both the rightward and
leftward directions as the steering directions. To cause the
vehicle 1 to rotate on the spot, as described above, two
wheels located on the same diagonal line are steered to the
same angle rightward or leftward. For example, the right
front wheel 3FR and the left rear wheel 3RL are steered to
45 degrees leftward, while the left front wheel 3FL and the
right rear wheel 3RR are steered to 45 degrees rightward.
Thus, the wheels 3 need to be steered only to a small angle,
and therefore can be quickly set to a state that allows the
vehicle 1 to rotate on the spot. Whether the wheels 3 have
been thus brought into a state that allows for an on-the-spot
rotation, in other words, whether conditions for starting to
drive the wheels 3 to make an on-the-spot rotation have been
met, can be determined by detecting that the steering angle
of each wheel 3 reaches a predetermined angle (45 degrees
in the above example).

[0056] On the other hand, to cause the vehicle 1 to travel
laterally, each wheel 3 is steered to 90 degrees. In this case,
all the wheels 3 may be rotated rightward or leftward as the
steering direction, but it is preferable that the wheels 3
located next to each other in the front-rear direction or a
right-left direction be steered in opposite directions. When
the wheel 3 is steered, a reaction force acts on the vehicle
body 2. Steering the wheels 3 located next to each other in
opposite directions can cancel out the reaction forces of the
wheels 3 and thereby reduce shaking of the vehicle body 2.

[0057] In both cases of an on-the-spot rotation and a
lateral travel, whether steering of the wheels 3 has been
completed, i.e., whether conditions for starting to drive the
wheels 3 have been met, can be determined by detecting the
steering angles of the wheels 3 by a predetermined angle
sensor, or by detecting that the wheels 3 have protruded from
the wheelhouses 22 with a touch sensor or by image pro-
cessing. Steering of the wheels 3 for a special travel is
performed with the vehicle 1 temporarily stopped.
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What is claimed is:

1. A vehicle comprising:

a plurality of wheels that is mounted to a vehicle body and
grounded;

a steering device configured to steer the wheels to such a
steering angle that the vehicle travels straight in a
front-rear direction of the vehicle, and additionally to
steer the wheels at least either to such a first steering
angle that the vehicle travels straight in a direction
intersecting the front-rear direction or to such a second
steering angle that the vehicle rotates around a vertical
axis passing through a central portion of the vehicle
body; and

a direction indication system configured to, when the
steering device steers the wheels to either the first
steering angle or the second steering angle, indicate
toward an outside of the vehicle body that the vehicle
is going to travel straight in the direction intersecting
the front-rear direction or that the vehicle is going to
rotate around the vertical axis passing through the
central portion of the vehicle body.

2. The vehicle according to claim 1, wherein the direction
indication system includes a detection unit that detects that
the steering device steers the wheels to the first steering
angle or the second steering angle, and an indication unit
that optically or acoustically indicates to those around the
vehicle body that the vehicle is going to travel straight in the
direction intersecting the front-rear direction or that the
vehicle is going to rotate around the vertical axis passing
through the central portion of the vehicle body.

3. The vehicle according to claim 2, wherein:

the steering device is configured to rotate each of the
wheels around a rotational central axis to the first
steering angle or the second steering angle; and

the detection unit is configured to detect that the wheels
are steered to the first steering angle or the second
steering angle, based on rotation angles of the wheels
rotated around the rotational central axis.

4. The vehicle according to claim 2, further comprising a
manipulation unit that is manipulated by a driver to output
a signal ordering the steering device to steer the wheels to
the first steering angle or the second steering angle, wherein
the detection unit is configured to detect that the steering
device steers the wheels to the first steering angle or the
second steering angle, based on the manipulation unit hav-
ing been manipulated and output the signal.

5. The vehicle according to claim 2, further comprising a
wheelhouse that covers at least an upper side of the wheel,
wherein:

the wheelhouse is configured such that when the steering
device steers the wheel to the first steering angle or the
second steering angle, the wheel partially protrudes
from the wheelhouse to the outside of the vehicle body;
and

the detection unit is configured to detect that the steering
device steers the wheel to the first steering angle or the
second steering angle, based on the wheel having
partially protruded from the wheelhouse to the outside
of the vehicle body.

6. The vehicle according to claim 2, wherein the indica-
tion unit includes a light emitter that emits visible light to the
wheels when the detection unit has detected that the steering
device steers the wheels to the first steering angle or the
second steering angle.
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7. The vehicle according to claim 2, wherein:

the indication unit includes blinkers that are provided on
right and left sides of the vehicle body and configured
to flash when the vehicle is going to travel in a direction
different from that when the vehicle travels straight
forward; and

the indication unit is configured to control the blinkers

such that a first aspect of flashing of the blinkers when
the vehicle is going to turn in an arcuate line around a
center of turning that is set outside the vehicle body,
and a second aspect of flashing of the blinkers when the
vehicle is going to travel straight in the direction
intersecting the front-rear direction or when the vehicle
is going to rotate around the vertical axis passing
through the central portion of the vehicle body, are
different from each other.

8. The vehicle according to claim 7, wherein:

the blinkers are sequential blinkers in each of which a

plurality of flashing parts is arranged in a straight line
or a curved line and the flashing parts flash in prede-
termined order; and

the first aspect of flashing of the blinkers and the second

aspect of flashing of the blinkers include order of
flashing of the flashing parts.

9. The vehicle according to claim 2, wherein the indica-
tion unit includes a display part that displays, on an outer
surface of the vehicle body, a text or an image representing
a direction in which the vehicle is going to travel as a result
of the steering device having steered the wheels to the first
steering angle or the second steering angle.
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